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Themonoallelic expression of imprinted genes is regulated by DNAmethylationmarks that originate from the
oocyte or sperm. Li et al. (2008) show in this issue of Developmental Cell that the KRAB zinc finger protein
Zfp57 contributes to the embryonic maintenance of these imprints. At one locus, Zfp57 is also involved in
imprint establishment. These findings provide a mechanistic interpretation for Mackay et al.’s recently
reported ZFP57 mutations in patients with transient neonatal diabetes.Genomic imprinting evolved in mammals
and flowering plants. By this remarkable
process, certain genes become ex-
pressed from only one of the two parental
alleles (Feil and Berger, 2007). Mamma-
lian imprinted genes play important devel-
opmental roles and several are involved
in human diseases. Their monoallelic ex-
pression is mediated by differential DNA
methylation at essential sequence ele-
ments called imprinting control regions
(ICRs). Most of these allelic methylation
‘‘imprints’’ are established during oogen-
esis, and some during spermatogenesis,
by the de novomethyltransferase Dnmt3a
(Kaneda et al., 2004). Other than the
essential involvement of the maintenance
methyltransferase Dnmt1 (Hirasawa et al.,
2008), little is understood of howmethyla-
tion imprints are maintained in the early
embryo (Figure 1A). Two studies, one by
Li et al. in this issue of Developmental
Cell and one by Mackay et al. in Nature
Genetics, now show that a Kru¨ppel-asso-
ciated box (KRAB) domain zinc finger
protein is involved in this process.
Although KRAB zinc finger proteins
play major roles in cell differentiation,
proliferation, and apoptosis, so far few
endogenous targets have been identified.
Through their Kru¨ppel-associated box,
these DNA binding proteins act as poten-
tial gene repressors by recruitment of the
KRAB-associated protein 1 (KAP-1) core-
pressor complex. This protein complex
comprises histone deacetylases and
histone methyltransferases and induces
repressive chromatin. In one recent study,
KRAB-mediated repression was found to
trigger promoter DNA methylation during
the first days of mouse development
(Wiznerowicz et al., 2007).Li and colleagues identified the KRAB
zinc finger protein Zfp57 in a screen for
genes that are downregulated during
differentiation of embryonic stem cells.
They found that Zfp57 is highly expressed
in preimplantation embryos and develop-
ing oocytes, and that loss of embryonic
expression apparently does not affect
development in most embryos. However,
absence of Zfp57 in both the embryo and
the oocyte from which it derived yields
a severe, but variable, phenotype with
no animals surviving to weaning. Thus,
Zfp57 plays a developmental role through
both its somatic expression in the embryo
and its maternal expression in the oocyte.
The first hint that imprinting could be in-
volved in the phenotype was the finding
of perturbed gene expression at the im-
printed Dlk1-Dio3 domain on chromo-
some 12. This large domain is controlled
by a paternally methylated ICR. In many
of the embryos lacking both maternal
and embryonic Zfp57, this methylation
imprint was lost. Frequent loss of methyl-
ation was observed also at several ICRs
with maternal DNA methylation, including
the ICR of the Snrpn gene on chromo-
some 7. Absence of embryonic Zfp57 ex-
pression on its own caused smaller losses
of DNA methylation at ICRs (Figure 1B),
presumably because the maternally
derived protein was still present.
Li et al. (2008) also discovered a second
role of Zfp57 in the embryo. In oocytes
derived from Zfp57-deficient females,
they detected the absence of methylation
at the Snrpn ICR. At this specific ICR,
therefore, Zfp57 is also involved in the
establishment of the methylation imprint.
Remarkably, in some of the embryos
Zfp57 expression during preimplantationDevelopmental Cell 15development could ‘‘rescue’’ the Snrpn
imprint with establishment of DNA meth-
ylation on the maternal allele. Somehow,
Zfp57 and the methylation machinery rec-
ognized the right parental allele for (re)es-
tablishing the Snrpnmethylation imprint in
these embryos. This possibly happened
because some features of the maternal
imprint could be established normally in
the Zfp57-deficient oocytes. Intriguingly,
a similar observationwasmade in a recent
study on Dnmt3L, a protein essential for
germline establishment of methylation
imprints by Dnmt3a. In some embryos
obtained from Dnmt3L-deficient females,
the maternal methylation imprint was
present at the Snrpn ICR (Arnaud et al.,
2006). Taken together, these observa-
tions suggest that there may be mecha-
nisms to establish certain features of the
maternal imprint at the Snrpn locus even
in the absence of DNA methylation.
Mackay et al. (2008) obtained results
from studying transient neonatal diabetes
(TND) suggesting that ZFP57plays a com-
parable role in human development. In
about 20% of patients, TND is caused
by loss of DNA methylation at a putative
ICR located at the transcription factor
gene PLAGL1 on chromosome 6q24.
Intriguingly, these patients also show vari-
able degrees of hypomethylation at other
ICRs, and present many additional clinical
features including reduced birth weight.
To test whether genetic mutations were
involved in the methylation losses,
Mackay and colleagues performed a ge-
nome-wide analysis of single nucleotide
polymorphisms. One of the gene loci
that showed homozygosity in patients,
but not in unaffected family members,
was ZFP57. Subsequent sequence, October 14, 2008 ª2008 Elsevier Inc. 487
Developmental Cell
Previewsanalysis proved its involvement in TND
by revealing mutations that likely affected
the function of the protein or generated a
premature translation termination codon.
Many questions remain. Li et al. (2008)
report unaltered DNA methylation at
Line1 and IAP repeats, so it is possible
that Zfp57 acts only at specific imprinted
loci and to variable extents. In embryonic
cells, it is not clear whether Zfp57 binds to
only the Snrpn ICR, or whether it can
associate with other ICRs as well. In addi-
tion, Zfp57 could contribute directly to
methylation maintenance by Dnmt1, or
alternatively, it could induce a chromatin
configuration that protects against loss
of DNA methylation. It will be interesting
to investigate whether a particular chro-
matin signature directs Zfp57 to its488 Developmental Cell 15, October 14, 2008targets in oocytes and in the embryo. Of
possible relevance is the finding that in
embryonic cells, chromatin on the DNA-
methylated allele of ICRs is deacetylated
and shows a specific pattern of histone
methylation and binding of heterochro-
matin protein 1 (Pannetier et al., 2008).
At a broader level, it is possible that
ZFP57 or related proteins are also in-
volved in other imprinting diseases such
as the Beckwith-Wiedemann and Silver-
Russell growth syndromes (BWS and
SRS, respectively), which are both asso-
ciated with perturbed methylation at
specific ICRs. BWS shows clinical overlap
with TND and in some patients methyla-
tion is affected at multiple ICRs, suggest-
ing a common causal mechanism. Tran-
scriptional links have already beenª2008 Elsevier Inc.identified as PLAGL1 regulates the ex-
pression ofmultiple other imprinted genes
(Varrault et al., 2006), but maintenance of
DNA methylation at these imprinted loci
could also be a common factor. These
are all exciting questions for the future,
and KRAB-mediated DNA methylation
will surely grab our attention for some
time to come.
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Trono, D. (2007). J. Biol. Chem. 282, 34535–34541.Figure 1. Zfp57 Controls DNA Methylation at Multiple Imprinting Control Regions
(A) Germline establishment of methylation imprints requires Dnmt3a and its cofactor Dnmt3L. At the Snrpn
ICR, Zfp57 is involved in this process as well. A maternal factor important for early development called
Pgc7/Stella protects different ICRs against DNA demethylation in the zygote (Nakamura et al., 2007).
Dnmt1 maintains methylation imprints during development. Zfp57 contributes to the embryonic mainte-
nance of methylation at different ICRs.
(B) Loss of Zfp57 affects the somatic maintenance of methylation imprints (Li et al., 2008). Knockout (KO)
embryos obtained by crossing female and male heterozygotes (‘‘embryonic deficiency;’’ middle panel)
show partial loss of methylation at different ICRs (filled boxes). KO embryos from a cross between female
homozygotes and male heterozygotes (‘‘maternal and embryonic deficiency;’’ bottom panel) show an
almost complete loss of methylation at different ICRs. Mat., maternal genome (pink); Pat., paternal
genome (light blue). Lollipops show DNA methylation.
